Summary
In this paper I investigate the changes in female Culaea inconstans behaviour at different stages of the ovulatory cycle in response to the presentation of a courting male and an ovulated female intruder. These experiments reveal that female brook sticklebacks display a complex repertoire of behaviours including all of the threat displays commonly described for male gasterosteids. On spawning days, females direct more nudges, bites, broadside displays, head down displays and redirected bites towards an intruding female, and spend more time engaged in hovering, ground head-up courtship, and near, an intruding male. The interspawning interval in females is accompanied by a surge of aggression towards males. In essence, females show a fluctuation in behavioural intensities that mirrors their ovulatory cycle when interacting with males, but show no such cycling during interactions with other females. At the population level female behaviour is thus more predictable when the intruder is a male than when the intruder is another female. At the individual level, however, a female's responses to another female are tightly correlated across her breeding cycle. Aggressive fish spend more time near the intruding female and less time in the plants on all days of their spawning cycle than their less aggressive counterparts, who displayed a strong tendency to flee, S-displaying either during the retreat or from the safety of the plants. Correlations between behaviours are more susceptible to underlying ovulatorty cycle when the intruder is a male. Aggressive fish spend more time near the intruding male only during the interspawning interval. VAN DEN ASSEM and an anonymous reviewer whose comments greatly improved the focus of this paper. The study was supported by a Natural Sciences and Engineering Research Council (Canada) Grant #A7619 to R. WINTERBOTTOM. WARD & FITZGERALD, 1987; ROWLAND, 1989; McLENNAN & MCPHAIL, 1990; MILINSKI & BAKKER, 1990) . In terms of rigorous experimental analysis, though, little attention has been focussed upon delineating the structure and intrapopulation variability in female-male interactions during the interspawning interval and in female-female interactions during any stage of the spawning cycle or in investigating females in species other than Gasterosteus aculeatus.
Male three-spined stickleback behaviour has traditionally been examined by allowing an individual to establish a territory and build a nest in a test aquarium, presenting him with a captive intruder, and recording his responses over a given test period. This experimental protocol has rarely been used to examine female behaviour, possibly because, since females do not build nests, it is difficult to determine whether they would respond to a captive conspecific as an "intruder". HUNTING FORD (1979) and BAKKER (1986) , however, demonstrated that female three-spined sticklebacks will respond aggressively to the presentation of a captive conspecific, rather than fleeing from the stimulus (see also LI & OWINGS, 1978; SEVENSTER & GoYENS [1975 : discussed in WOOTTON, 1984 ; Row-LAND, 1989). These observations, in conjunction with the suggestion that female three-spined sticklebacks (LEINER, 1931; MORRIS, 1958; BAKKER & FEUTH-DE BRUIJN, 1988) , nine-spined sticklebacks (BARRAUD, 1955; MORRIS, 1958) , and brook sticklebacks (HALL, 1956 , cited in WOOTTON, 1976 ) defend territories, indicate that the traditional experimental design will be a useful way to examine the behaviour of female brook sticklebacks.
In this paper I will investigate changes in a female's response to the presence of a captive conspecific in order to answer two questions: (1) does a female's behaviour change in a predictable way across her spawning cycle, and (2) is there a difference in the female's behavioural response towards a courting male intruder versus a female intruder?
Materials and methods
Brook sticklebacks, Culaea inconstans (formerly placed in the genus Eucalia Jordan and originally described as Gasterosteus inconstans Kirtland) were collected in baited minnow traps (April 30, 1991 to June 23, 1991 from Tooley Creek, southern Ontario. Tooley Creek is a small, relatively steep sided creek flowing through pasture land. The fish move into Tooley Creek from Lake Ontario during the mid-spring thaw (FOSTER, 1977) . Fish were housed in a fiberglass holding tank measuring 62 x 58 x 26 cm. The bottom of the tank was covered with coarse gravel, with refuges and environmental spatial structuring provided by
